Introduction: Most hilar cholangiocarcinomas (Klatskin tumors) are diagnosed at an advanced stage. This article aims to review the literature of resection and palliative treatment in patients with hilar cholangiocarcinoma.
M E D I C I N E

C
ancers of the intrahepatic and extrahepatic biliary ducts (hilar cholangiocarcinomas, Klatskin tumors) are the fifth most common tumors of the gastrointestinal tract. According to the Robert KochInstitute (2006) , about 1800 men and 4200 women in Germany develop gall bladder or extrahepatic cholangiocarcinomas every year. 40% to 60% of the cancers of the biliary ducts are Klatskin tumors. Gerald Klatskin, an American specialist in internal medicine, in 1965 described local, sclerosing adenocarcinomas of the hepatic fork as clinically independent tumor entities, which became known in the literature as so-called Klatskin tumors (synonyms: hilar, proximal, or central cholangiocarcinomas) (1) . If a patient develops painless icterus, tumor disease is usually advanced. Only curative (R0) resection, which in older studies was done in less than 30% of patients, offers a chance of long-term survival and cure (2) (3) (4) (5) (6) (7) (8) (9) . In the past 5 to 10 years, increasingly radical surgery in the shape of extended hepatic resection achieved an improvement in resection rates of up to 50% to 60% and in five year survival rates of up to 35% to 45% (2, 6, 7, 10) . Palliative therapeutic measures aim to improve quality of life and possibly extend the survival period. Because of the rare occurrence and anatomical complexity of Klatskin tumors, diagnosis and treatment will have to be delivered by an interdisciplinary team of surgical and gastroenterological experts.
This article describes current surgical and palliative therapeutical concepts and their results. The authors searched PubMed and analyzed review articles, and evaluated 131 publications of evidence levels I and II, and relevant studies of evidence level III for the time period 1996 to April 2007.
Specific diagnostics
If an extrahepatic cholangiocarcinoma is suspected, magnetic resonance imaging/cholangiography (MRI/MRC) is the gold standard to evaluate tumor status and plan treatment, which entails targeted biliary drainage, assessing the potential remaining liver volume before extended resection, and embolizing the portal vein. Location and extent of the tumors on the basis of the BismuthCorlette classification can be judged on the MRI scan with a sensitivity of 94% and a specificity of 100% (e1). In spite of the good quality of the MRI scan, most surgeons request cholangiography to assess the resectability
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Indications for surgery
In assessing the indication for resection, the patient's general operability, but especially technical and functional resectability, will have to be assessed. The indication for surgery exists if distant metastases, cirrhosis of the liver, and an obviously locally advanced tumor that bilaterally affects bile duct segments and/or bilateral infiltration of the vessels have been excluded. Affected regional lymph nodes do not constitute a contraindication for surgery because long-term survival has been described in some patients with lymph node metastases (4, 8, 10) (e7) . More than in almost any other tumor, resectability depends on the surgeon's experience. The prominent role of the surgeon is reflected in a retrospective study that compared patient cohorts in a US and a Japanese hospital. The resectability rate was 25% in the US hospital and 79% in the Japanese hospital, although the Japanese patients had more advanced tumors (e8). Definite assessment of resectability still requires laparotomy in most patients, in spite of the vastly improved imaging methods.
Preoperative conditioning
Bile duct drainage Liver function is impaired as a result of cholestasis, and this is an important risk factor in large liver resections. Most relevant publications describing the resection of Klatskin tumors recommend preoperative decompression of the biliary duct, aiming to reduce bilirubin measurements to below 2 mg/dL or 5 mg/dL (2, 7, 8, 10-12) (e9) . Whether an endoscopic or percutaneous transhepatic approach is favored depends on the center. A disadvantage of the percutaneous technique is the risk of seeding tumor cells into the abdominal cavity (e10). Because of the risk of cholangitis, contrast medium imaging of the biliary passages that cannot be drained will have to be avoided. Regeneration of liver function after biliary drainage takes 2 to 4 weeks, depending on the severity and duration of cholestasis.
Induction of hypertrophy of the liver remnant
In liver resections where extensive loss of parenchyma can be predicted, with a calculated remaining liver volume below 350-400 mL -or less than 40% of the total liver mass -preoperative embolization of the part of the liver affected by the tumor will have to be considered (13) . The aim of preoperative embolization procedures is perfusion-induced hypertrophy of the potential liver remnant on the one hand, and on the other hand, induction of atrophy of the part of the liver that is affected by the tumor. The most popular procedure is interventional, portal venous embolization via percutaneous transhepatic access.
Principles of oncosurgery
Surgical strategy
Fundamental principles of oncosurgery are R0 resection with wide longitudinal and lateral safety margins, monobloc resection of the tumor, and the no-touch technique -a method that avoids manipulation of the tumor. Exclusive resection of the hilum/hilus as a limited resection should be used only in patients whose general or functional operability is limited. In hilar resections with left sided partial liver resection, a dissection directly adjacent to the tumor is required, to prepare the right hepatic artery and right branch of the portal vein, so that only minimal safety margins are achieved. The most radical surgical result (6) is achieved by using right trisectionectomy (e11) -resection of segments 4 to 8 including segment 1 and portal vein resection. This is the surgical method of choice in patients with Klatskin tumors, if the extent of the tumor and surgical-technical and functional conditions permit this (figure 1). A study reported by Kitagawa et al. allows the conclusion that regional lymph node metastases do not constitute a contraindication for Extent of dissection in the hepatic hilum in right trisectionectomy. The right hepatic artery and the artery to segment IV are separated. The ductus choledochus (main bile duct) is suprapancreatically cut and the left hepatic duct is separated in the umbilical fissure near the branch to segments 2 or 3. Resecting the fork of the portal vein provides a wider safety margin to the tumor. The authors thank their colleague, Dr Gumpp, for preparing this graph.
FIGURE 1
M E D I C I N E resection and that regional lymph nodes should be dissected (14) .
Results after resection
Intraoperative mortality in studies with more than 40 patients, who were managed with extended resection, was between 7.5% and 18% (3-6, 10-12, 14-16, e7, e9, e12) . Four newer publications have reported intraoperative death rates of 0% (7, 8, 17 ) and 1.3% (2) . Liver failure is the most common cause of death.
As in other gastrointestinal cancers, R0 resection is indubitably the most important independent prognostic factor (2, 3, 5, 6, 10, 11, 15, 16) . In most publications, grading is also an independent prognostic factor (4, 6, 8, 11, 12, 15, 16) . Lymph node status correlates with the prognosis more obviously the higher the rate of positive lymph nodes and the more radical the lymphadenectomy (2, 4, 5, 7, 10) . Five year survival in 11 relevant publications (including a minimum of 40 patients) with a study duration of at least 10 years, are 12.5% to 32.8% (table 1) . These studies included many patients whose surgery did not conform to today's radical principles. Newer studies with shorter investigative periods and results from patients who were exclusively radically operated and/or had R0 resection yielded five year survival rates of 35% to 44%, and even 72% (table 2). In spite of the different patient cohorts in these studies and administration of adjuvant radiochemotherapy in some, these more recent data hint at improved long-term results after resection of Klatskin tumors.
The role of liver transplantation
The oncological target variables are best achieved in liver transplantation by means of removing the entire bile duct system, the no-touch technique, and wide safety margins, Five year survival rates in these studieswhich had small numbers of patients -were 17% to 36% and therefore no better than after resection (3, e14, e15) . Even extended so-called cluster transplantations of the epigastric region and combined liver transplantation with partial pancreatoduodenectomy according to Kausch-Whipple did not yield more favorable results (6, e14) . Over the past 10 years, the evaluation of liver transplantation in oncology has been possible to only a limited degree because of the lack of organs. Living organ donation between adults (20) and the excellent results of a neoadjuvant concept that is being realized at the Mayo Clinic in Rochester/USA (21) may result in an extended indication for liver transplantation in cholangiocarcinoma.
The so-called Mayo Clinic protocol entails external radiotherapy of up to 45 Gy plus bolus administration of 5-fluorouracil (5-FU), with subsequent transluminal iridium-192 brachytherapy at a dosis of 20 to 30 Gy. After radiochemotherapy has finished, staging laparotomy is undertaken. Patients without distant metastases or lymph node metastases are treated with 5-FU or capecitabine until they undergo transplantion. Using this therapeutic protocol has resulted in a five year survival rate of 82% in 38 patients (21) . With regard to this study, the critical question is to what extent the excellent results are due to the particular patient selection and low tumor stages (all N0). In 2007, the German Medical Association decided a change in guidelines with regard to organ donations for liver transplantation for patients with cholangiocarcinoma according to article 16 of the transplantation law. This change allows liver transplantation in patients with cholangiocarcinoma whose tumor is technically non-resectable, the lesion has a diameter of less than 3 cm, no intrahepatic or extrahepatic distant metastases are found, and a biopsy or cytology has shown a neoplasm.
Neoadjuvant and adjuvant therapy
Radiotherapy, chemotherapy, radiochemotherapy Because of the unsatisfactory long-term results even after radical surgery and because of the fact that 45% to 76% of recurrences develop locally and regionally (6, 8, 18, 21, e16) , neoadjuvant and adjuvant therapeutic protocols are increasingly being developed. The so-called Mayo Clinic protocol with neoadjuvant radiochemotherapy before transplantation was discussed in the chapter on the role of liver transplantation. Radiochemotherapy before resection has been tested only in small case series (e17) and has not become established.
Two prospectively randomized studies with outdated protocols showed survival advantages neither for adjuvant radiotherapy alone (e18) nor for adjuvant chemotherapy (e19). By contrast, two retrospective analyses have shown a survival advantage for patients with adjuvant radiotherapy after resection compared with resection alone (11, e20) . In summary, a clear clinical benefit for neoadjuvant and adjuvant therapeutic measures has thus far not been proved. However, patients with R1 or R2 resections and/or lymph node metastases should be included in adjuvant therapeutic studies.
Photodynamic therapy
In photodynamic therapy (PDT), an intravenously administered photosensitizing agent concentrates selectively in the tumor tissue. In Germany, two different fractions of hematoporphyrin derivatives (HpD) are licensed. Irradiation with non-thermic light of a low wavelength (630 nm) activates the photosensitizer, and the tumor tissue is selectively destroyed by apoptosis and necrosis (figures 2a and 2b) . The authors have evaluated PDT as an adjuvant therapeutic measure in a prospective phase 2 study (22) . Recurrence free one year survival was 83%. The hypothesis of this therapeutic concept is that selective destruction of subepithelial and fibromuscular tumor strands and dysplastic cells on the proximal margin will lower the rate of local recurrence. There are currently no longterm results regarding recurrence rates and survival of patients treated with neoadjuvant PDT and resection. Adjuvant PDT after R1/R2 resection is documented only in case reports (e21).
Palliative treatment
The median survival of patients with non-resectable Klatskin tumors after palliative drainage is six to nine months. Most patients die from recurring bacterial cholangitis and/or liver failure. The aim of palliative treatment is an improvement in the patient's quality of life by treating cholestasis and cholangitis, which secondarily prolongs survival.
Stenting
The palliative standard treatment is the implantation of biliary endoprostheses. Compared with the cheaper plastic stents, self expanding metal mesh stents have the advantage of a higher patency rate with lower subsequent rates of reintervention and rehospitalization (e22, e23) . In patients whose life expectancy exceeds six months, metal stents are therefore recommended (e24). In most centers, endoscopic stent implantation is preferred to subcutaneous access. In difficult tumor stenoses, both methods can be combined in the socalled rendezvous method. Drainage of at least 25% of the liver volume is required to achieve a sufficient degree of palliation (e25). In unilateral drainage -in analogy to the preoperative situation -filling the nondrained biliary ducts with contrast medium must be avoided. Recent studies have shown that prior magnetic resonance cholangiography to enable targeted drainage of the most expanded biliary ducts can improve the results of stenting (e26, e27). In the literature, the differently defined success rates of endoscopic drainage range from 41% to 80% (e28-e31). The long-term success of stenting requires close monitoring of the patients, so as not to overlook latent biliary sepsis due to occlusion of the stent. In the context of patient monitoring, plastic prostheses should be routinely exchanged after three months (e24) . There are no current randomized studies with regard to stent material, number, or placement.
Stenting and photodynamic therapy A prospective, randomized study, in which the authors' center is participating, has shown a significantly longer * 1 in all patients, right trisectionectomy with resection of the portal vein and R0 resection, without intraoperative mortality; * 2 only patients with R0 resection; * 3 in all patients, extended hemihepatectomy right or left only one surgeon; * 4 postoperative radiochemotherapy after R1, R2 resection and in positive lymph nodes; * 5 n = 39, Intrahepatic cholangiocarcinoma with hilar infiltration median survival (493 days versus 98 days) after combined PDT and stent implantation compared with stenting alone; further findings were more effective biliary drainage, and a better quality of life (23) . A relevant criticism of this study is the lacking improvement in cholestasis after stenting alone and the associated shorter survival in the stent group. A significantly prolonged survival after PDT in non-resectable biliary duct cancers (21 months versus 7 months in the control group, p = 0.011) was shown in another prospective, randomized study (e32) . Phototoxicity occurred in about 10% of patients (23) . Implementing PDT into palliative management is an interesting research approach, which will need to be investigated in further phase 3 studies ( figure 3) . In England, a phase 3 study has been started in which German centers are participating (the Photostent-02 study). In future, improved efficacy of PDT is expected from using photosensitizers with a greater depth of penetration -for example, temoporphin.
Surgical biliary drainage
If during exploratory laparotomy the tumor is found to be inoperable, intrahepatic cholangiojejunostomy using the segment III biliary duct or bilateral hepatojejunostomy may be considered in patients with insufficient endoscopic biliary drainage (7) . However, because of the high success rate of endoscopic and percutaneous transhepatic stenting, these procedures are scarcely performed nowadays (3).
Radiotherapy, chemotherapy, radiochemotherapy
There are no relevant studies that document a survival advantage of external irradiation alone or of local brachytherapy with iridium-192. The situation is similar for palliative, combined radiochemotherapy, for which no indication exists owing to the small number of phase 1 and 2 studies with low patient numbers. Three prospective, randomized studies into chemotherapy in biliary duct cancers investigated combinations of 5-fluorouracil/leucovorin and etoposide (FELV), epirubicin, cisplatin and 5-FU (ECF), and 5-fluorouracil/folinic acid and cisplatin. Notable toxicity was found, and a tiny survival advantage (e33-e35). In several phase 2 studies, gemcitabine was found to be an effective monosubstance with regard to its efficacy and toxicity profile (24) . Combinations of gemcitabine with cisplatin or oxaliplatin seem to be superior to monotherapy and are also the best tolerated treatment protocols (25) (e36) . However, the low evidence level of the currently available data does not permit the recommendation of palliative chemotherapy outside studies. 
